behavioural plasticity boldness coping style hypoxia Oncorhynchus mykiss predation risk rainbow trout temperature Boldness is a personality trait that defines how individuals respond to risky situations and has clear fitness consequences. Since the adaptive value of boldness is context dependent, the benefit of a distinct personality is less clear when the environment is unpredictable. An ability to modulate behaviour can be beneficial, although as behavioural plasticity itself may be costly this depends on the levels of environmental stability. Both boldness and its plasticity are linked with physiological stress coping mechanisms, whereby animals with reduced glucocorticoid responses to stress are bolder and less flexible in behaviour. We investigated the behavioural changes made by bold and shy rainbow trout, and the magnitude of those changes, in response to predation risk and exposure to two environmental challenges. Behavioural and physiological responses under biotic (either no, predictable or unpredictable predation risk) and abiotic (temperature increase or hypoxia) factors were measured. Boldness was determined using a standard novel object paradigm. In general, after exposure to the treatments, fish exhibited less extreme bold or shy behaviour; the greatest change was observed in fish exposed to hypoxia, or those exposed to high risk particularly in shy fish held at a lower temperature. Higher risk also resulted in increased stress, suggesting that extreme bold or shy behaviour might have been maladaptive under a potential predator threat. These results represent novel evidence that boldness is flexible depending upon particular environmental challenges, with important implications for populations facing environmental extremes caused by anthropogenic activity and climate change. Ó
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Individuals exhibit consistent differences in response to an environmental challenge which are expressed across a range of contexts and situations. Such discrete sets of behaviour are termed behavioural syndromes or animal personalities (Dingemanse & Réale 2005), and each individual within a species can be described as having a particular behavioural type (Sih et al. 2004 ). One such personality is boldness, which defines an individual's response to novelty and its propensity for taking risks: bold animals are often (although not always; reviewed in Conrad et al. 2011) more aggressive, more active and more likely to explore new environments or objects than shy conspecifics (Sneddon 2003; Sih et al. 2004; van Oers et al. 2005) . Boldness and aggression are considered strongly linked to the magnitude to which an individual will exhibit a physiological response to any environmental challenge; such a combination of physiology and behaviour is termed coping style (Koolhaas et al. 1999) . Boldness thus has important implications for fitness, both for individuals and for groups or populations, which depends upon the particular environmental contexts to which these animals are exposed (Wilson et al. 1993; Sih et al. 2004) . Some individuals, however, can vary their behaviour according to prior experience (Wilson et al. 1993; Frost et al. 2007 ). As such, the impact of environmental conditions on individual behaviour is important as different behavioural strategies vary in their energetic and risk components according to the environmental context (Dall et al. 2004; Chapman et al. 2010) . For instance, where predation is low being bold and active would result in increased feeding and growth and thus be considered adaptive, but where predators are present high activity would result in increased exposure and mortality; in this case, being shy may be more appropriate (Sih et al. 2004 ). However, not all personality types are capable of plasticity, with the behaviour of bold animals considered more stable than that of shy conspecifics (Koolhaas et al. 1999; Carere et al. 2005; Ruiz-Gomez et al. 2011) .
